IMPORTANCE Although the risk of type 2 diabetes is considered to be equivalent to coronary heart disease (CHD) risk, there is considerable heterogeneity among individuals for CHD and atherosclerotic cardiovascular disease (ASCVD) risk. It is not known whether coronary artery calcium (CAC) assessment at baseline in individuals with established metabolic syndrome (MetS) or diabetes identifies CHD and ASCVD prognostic indicators during a long follow-up period.
T ype 2 diabetes mellitus and metabolic syndrome (MetS) result in a cascade of metabolic derangement, predisposing individuals to not only subclinical atherosclerosis but also coronary heart disease (CHD) and atherosclerotic cardiovascular disease (ASCVD). [1] [2] [3] [4] [5] Coronary artery calcium (CAC) measured by noncontrast computed tomography (CT) is a measure of subclinical atherosclerosis. [6] [7] [8] Others 6,9,10 have found that the presence, extent, and progression of CAC enables prognostication of adverse clinical events better than traditional risk factors and global risk scoring among asymptomatic individuals, and helps reclassify individuals at intermediate risk to low-or high-risk groups. 11, 12 However, most prior studies 11, 12 that examined risk classification have excluded those with diabetes because the diagnosis of diabetes carries a label of CHD risk equivalency, 13 whereas prediction models offer less clinical utility.
14 Although the risk of diabetes is considered to be CHD risk equivalent, studies 10, 15 have found that there is heterogeneity among individuals for CHD and ASCVD risk. Although studies [16] [17] [18] [19] examining the prognostic significance of CAC in diabetes have found an association of CAC with CHD and CVD events, these analyses [16] [17] [18] [19] have not focused on reclassifying individuals with diabetes and MetS into lower-or higher-risk groups for long-term CHD and CVD risk.
We investigated the utility of CAC scores in reclassifying asymptomatic individuals with diabetes and MetS and the association of CAC scores with long-term risk prognostication in a multiethnic, population-based study. In addition, we examined whether other factors, such as duration of diabetes, are associated with risk prognostication to aid in clinical decision making regarding screening for subclinical disease in patients with diabetes.
Methods

Study Participants
We included participants from the Multi-Ethnic Study of Atherosclerosis (MESA), a prospective cohort study of 6814 men and women aged 45 to 84 years without known CVD from 4 race/ethnicity groups (white [38.5%] 20 Written informed consent was provided by MESA study participants. The aggregated data were deidentified. The University of California, Irvine Institutional Review Board granted permission for analyses of the deidentified data.
CAC Scores and Risk Factor Assessment
The CAC score was measured using cardiac-gated electronbeam or multidetector CT, and details of scanning acquisition have been published previously. 21 The CAC scores were based on the mean results from 2 scans and adjusted using a standard calcium phantom for calibration. Any detectable calcium was defined as a CAC score greater than 0. We logtransformed the CAC score (lnCAC score) as ln(CAC+1) to maintain the normality of CAC measures. The CAC scores were also categorized as 0, 1 through 99, 100 through 399, and 400 or greater and dichotomized as 0 or greater than 0. Information about participant demographics, medical history, current medication use, duration of diabetes, and socioeconomic status based on income and education information was collected using standardized questionnaires. Resting blood pressure was measured with the mean of the last 2 of 3 blood pressure measurements used. Glucose, triglycerides, and highdensity lipoprotein cholesterol measurements were taken after a 12-hour fast at the baseline examination. Hemoglobin A 1c level was measured at examination 2, approximately 2 years after the baseline examination. The 10-year Framingham Risk Score (FRS) for incident CHD events was calculated as previously described, 22 and the 10-year ASCVD risk score was calculated from the pooled cohort equation (PCE).
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All study participants were classified into the following categories: (1) diabetes, (2) MetS without diabetes, or (3) neither condition. Diabetes was defined as diagnosed diabetes, having a calibrated fasting serum glucose level of 126 mg/dL or greater (to convert to millimoles per liter, multiply by 0.0555), or taking hypoglycemia medication or insulin. Metabolic syndrome was defined as having at least 3 of the following 5 conditions: (1) waist circumference of 102 cm or greater (male) or 88 cm or greater (female), (2) triglyceride level of 150 mg/dL or greater (to convert to millimoles per liter, multiply by 0.0113), (3) high-density lipoprotein cholesterol level less than 40 mg/dL (male) or 50 mg/dL (female) (to convert to millimoles per liter, multiply by 0.0259), (4) blood pressure of 130/85 mm Hg or higher or use of hypertension medication, and/or (5) fasting glucose level of 100 mg/dL or higher but without diabetes (as defined above).
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End Point Ascertainment
At intervals of 9 to 12 months, a telephone interviewer inquired about interim hospital admissions, cardiovascular diagnoses, and deaths. An adjudication committee received copies of all death certificates and medical records for hospitalizations and outpatient cardiovascular diagnoses and conducted next-of-kin interviews for out-of-hospital cardiovascular deaths for verification.
Key Points
Question What is the long-term clinical utility of coronary artery calcium scores for cardiovascular disease prognostication in those with established metabolic syndrome and type 2 diabetes in a multiethnic population?
Findings Coronary artery calcium scores had significant long-term (>10 years) value in prognosticating cardiovascular disease in patients with metabolic syndrome and diabetes. A coronary artery calcium score of 0 was associated with low cardiovascular disease risk independent of diabetes duration, insulin use, or glycemic control.
Meaning Assessment of subclinical disease using coronary artery calcium scores may have robust long-term value in prognosticating cardiovascular disease even in those who had diabetes for more than 10 years from the time of coronary artery calcium scoring.
Our primary end point was incident CHD events, including myocardial infarction (defined by a combination of chest pain, abnormal electrocardiographic findings, and cardiac enzymes abnormalities), resuscitated cardiac arrest, or CHD death; the secondary end point included incident ASCVD events, including incident CHD events and fatal or nonfatal stroke. Follow-up for each participant extended to the first occurrence of an incident event, other death, loss to follow-up, or the last follow-up call through December 31, 2013. Data analysis was performed from June 1, 2016, to September 12, 2017.
Statistical Analysis
Descriptive data are presented as mean (SD) for continuous variables and number (percentage) of participants for categorical variables. For each disease group, CHD and ASCVD incidence rates per 1000 person-years were calculated as incident event number per person-time at risk according to CAC score categories. Cumulative CHD and ASCVD survival rates for CAC score categories stratified by diabetes duration, glycemic control (hemoglobin A 1c ≤7% vs >7% [to convert to proportion of total, multiply by 0.01]), and insulin use were calculated with the Kaplan-Meier estimator and compared with the log-rank statistic. Cox proportional hazards regression was used to calculate hazard ratios (HRs) for 10-year estimated incident CHD and ASCVD risks, separately for each disease category, comparing FRS (or ASCVD risk score for ASCVD) with CAC score (with continuous CAC, lnCAC, and categorical CAC scores). Because hemoglobin A 1c measurements were not available at baseline but were available in examination 2, we performed secondary analyses with hemoglobin A 1c levels, diabetes duration, and insulin use in the model along with our other predictors. Interaction terms of CAC were used to examine for heterogeneity of effects by disease group and within those with diabetes by diabetes duration (≥10 vs <10 years) and insulin use.
The 10-year risk estimates were categorized as less than 5% (low risk), 5% to less than 7.5% (intermediate risk), and 7.5% or more (high risk) for CHD events and ASCVD events. In the secondary analysis, we also grouped risk as less than 7.5% or 7.5% or more for CHD or ASCVD events, consistent with the American College of Cardiology/American Heart Association guidelines for consideration of high-intensity statin use in those with diabetes. 25 To assess the utility of CAC scores in 10-year risk prognostication, we used C statistics, net reclassification improvement (NRI), and integrative discrimination index to examine improvement of discrimination comparing models with CAC scores and FRS (or PCE for ASCVD) with those with FRS and PCE alone. 26 The NRI was calculated as follows:
Up and down denote reclassification into higher-and lowerrisk categories, respectively. P(event|up), P(event|down), and P(event) were calculated from the Kaplan-Meier estimate of 10-year event risk.
Means were compared using analysis of variance, and proportions were compared between disease groups using the χ 2 test. A 2-sided P<.05 (P < .10 for interaction test) is considered to be statistically significant. All statistical analyses were performed using SAS software, version 9.3 (SAS Institute Inc).
Results
Of 6814 MESA participants, 6751 had complete risk factor and follow-up data and were included in this study (mean [SD] During a mean (SD) follow-up time of 11.1 (3.0) years (median, 12.2 years), CHD events occurred in 84 participants with diabetes (135 ASCVD events), 115 with MetS (175 ASCVD events), and 157 with neither diabetes nor MetS (250 ASCVD events). Figure 1 shows the incidence rates of CHD and ASCVD according to CAC score categories in each disease group. In each group, a stepwise increase in observed CHD and ASCVD events was seen with increasing severity of CAC score categories. For those with diabetes but no CAC, the CHD event rate was 3.7 per 1000 person-years.
The CHD and ASCVD event rates were comparable between those with diabetes for less than 10 years and those with diabetes for 10 years or more for all CAC score categories unless the CAC score was 400 or greater, in which case event rates were higher (eFigure 1A in the Supplement). Insulin use was reported by 117 patients with diabetes (13.3%)at baseline, and the association among event rate, CAC score category, and use of insulin was inconsistent; however, in the CAC score of 400 or higher category, insulin use was associated with higher event rates (eFigure 1B in the Supplement). There was no consistent association among glycemic control, CAC category, and event rate (eFigure 1C in the Supplement). Among those with diabetes and the highest FRS category of greater than 20%, the CHD event rate was not high if the participant had a CAC score of 0 (4.7 per 1000 person-years) (eFigure 1D in the Supplement). Only at a PCE annual risk of 15% or greater did the event rate among those with diabetes and a CAC score of 0 increase to more than 7.5 per 1000 person-years (eFigure 1D in the Supplement). The presence of MetS along with diabetes was also associated with increased event rates (eFigure 1E in the Supplement).
Kaplan-Meier analyses ( Figure 2 ) revealed that patients with a decade or more of diabetes at baseline had a greater number of CHD and ASCVD events. In those with a CAC score of 0, the event rate was similar for those with diabetes for a decade or more compared with those with a shorter duration of diabetes. The severity of CAC was more accurate compared with the duration of diabetes. We also examined insulin use and CAC scores; those taking insulin had higher event rates compared with those taking oral medications only (eFigure 2 in the Supplement). Poor glycemic control was associated with higher event rates for every CAC score category (eFigure 3 in the Supplement).
Compared with those with a CAC score of 0, the HRs for CHD and ASCVD events increased progressively with higher CAC categories; those with CAC scores of 400 or higher had the highest HRs for CHD events (HR, 5.60; 95% CI, 2.79-11.23, among those with diabetes) ( Table 2 ). In the subgroup of participants with diabetes in whom diabetes duration, hemoglobin A 1c level, and insulin use were available, the HRs additionally adjusted for these disease severity markers were similar to those of the main analyses, demonstrating the robustness of our findings (Table 2 ). Among patients with diabetes, the adjusted HR associated with a CAC score of 0 was 0.35 (95% CI, 0.15-0.80) for CHD events and 0.43 (95% CI, 0.27-0.81) for ASCVD. We also tested the interaction term for CAC and DM duration as well as CAC and insulin use, and these interactions were not statistically significant (eTable 1 in the Supplement).
Measures of discrimination revealed a significant improvement with inclusion of CAC score in the prediction model across all disease groups (eTable 2, eTable 3, eFigure 4, and eFigure 5intheSupplement). In the diabetes group, the NRI was 0.23 (95% CI, 0.10-0.37; P < .001) (eTable 3 in the Supplement). Reclassification of risk using CAC score (model 2) in the MetS group revealed a total NRI of 0.22 (95% CI, 0.09-0.35), whereas those with neither diabetes nor MetS had a total NRI of 0.25 (95% CI, 0.15-0.35). Category-free NRI captured any change of risk increase or decrease in event and nonevent subsets and produced highly significant results in all 3 disease groups when comparing the addition of CAC score with FRS and PCE alone; these estimates ranged from 0.56 to 0.65 for CHD events and from 0.45 to 0.56 for ASCVD events (eTable 3intheSupplement).
Discussion
Our results indicate that evaluation of subclinical atherosclerosis with CAC scoring identifies downstream CHD and ASCVD events more than a decade after screeening has been done regardless of the presence of diabetes or MetS. Coronary artery calcium scores can be used to identify lower-and higher-risk individuals with MetS and diabetes. Many individuals with diabetes are at lower CHD and ASCVD risk than is widely understood and are not at high risk or CHD risk equivalents. Our results also indicate that CAC scoring adds significant clinical utility in further stratifying and reclassifying risk in persons with MetS and diabetes beyond global risk assessment using the FRS or ASCVD Pooled cohort risk score. Moreover, we found that the severity of CAC appears to be a more important clinical prognostic indicator than measures of disease severity, such as insulin use, glycemic control, and diabetes duration.
Although many prior studies 11, 12, [16] [17] [18] [19] have excluded those with diabetes based on assumptions that diabetes already confers CHD risk equivalence, our findings indicate that 44.8% of those with MetS and 37.3% of those with diabetes have no evidence of CAC at baseline, associated with observed 10-year CHD event rates of only 2.3% among those with MetS and 3.7% among those with diabetes. Thus, the "warranty period" of a CAC score of 0, as previously discussed, 27,28 can be extended to 10 years in those with MetS or diabetes. Moreover, in our adjusted analyses, a CAC score of 0 was associated with low CHD and ASCVD risk among those with diabetes that was independent of diabetes duration, insulin use, or glycemic control. Previous studies have emphasized the importance of diabetes duration, with the Framingham Heart Study 29 reporting a 1.4-fold greater risk of CHD and a 1.9-fold greater risk of cardiovascular death for each 10-year increase in diabetes No. at risk CAC score of 0 and diabetes duration <10 y CAC score of 0 and diabetes duration ≥10 y CAC score of 1-399 and diabetes duration <10 y CAC score of 1-399 and diabetes duration ≥10 y CAC score of ≥400 and diabetes duration <10 y CAC score of ≥400 and diabetes duration ≥10 y CAC score of 0 and diabetes duration <10 y CAC score of 0 and diabetes duration ≥10 y CAC score of 1-399 and diabetes duration <10 y CAC score of 1-399 and diabetes duration ≥10 y CAC score of ≥400 and diabetes duration <10 y CAC score of ≥400 and diabetes duration ≥10 y CAC score of 0 and diabetes duration <10 y CAC score of 0 and diabetes duration ≥10 y CAC score of 1-399 and diabetes duration <10 y CAC score of 1-399 and diabetes duration ≥10 y CAC score of ≥400 and diabetes duration <10 y CAC score of ≥400 and diabetes duration ≥10 y Atherosclerotic cardiovascular disease Our analysis indicates that the presence and extent of CAC are more associated with ASCVD risk than is diabetes duration. Even among patients with long-standing diabetes, the absence of CAC was associated with similar low risk of events as among those with shorter duration of diabetes. Although diabetes is known to accelerate the aging process, future studies need to focus on the factors that provide resilience among patients with lack of subclinical disease despite longstanding diabetes.
Our results extend the findings of prior publications 11,12 that have reported the clinical utility of CAC scoring, indicating that after a decade of follow-up, there is no decrement in the NRI among individuals without diabetes. Among those with diabetes, when we compared CAC scores with FRS and PCE for prognostication of long-term events, almost half of these individuals were reclassified to a different risk group. Yeboah et al 34 reclassified CHD risk exclusively among those with diabetes after a follow-up of 8.5 years, combining data from a subset of participants in MESA and the Heinz Nixdorf Recall Study, who in addition to CAC scoring had undergone assessment of carotid intimal media thickness, measurement of ankle brachial index, and C-reactive protein testing. Their observed NRI was 0.19 despite use of more prognostic indicators than CAC score alone compared with FRS, which could be attributable to the shorter follow-up period requiring estimation vs measurement of 10-year CHD event rates. Valenti et al 35 also examined long-term risk prognostication for all-cause mortality using CAC scores in 810 individuals with diabetes from a single-site cohort. They reported a category-free NRI for allcause mortality of 0.50 to 0.53 among those with diabetes, which is similar to our results for CHD events. However, that analysis did not adjust for markers of diabetes severity or duration.
Strengths and Limitations
Strengths of MESA include its large sample size, ethnic diversity, and community-based recruitment. The prospective design provides information on the temporal association between the presence and extent of CAC and subsequent CHD and ASCVD events. Limitations of our analysis include the lack of data on diabetes duration for the entire diabetes group. In addition, it was beyond the scope of our project to examine the effects of CAC progression or to consider the effects of timevarying covariates. 0.029**** 0.027**** 0.020**** 0.028**** 0.017**** 0.010** Relative IDI 1.63 1.53 1.00 1.06 0.32 0.20 Model1: FRS (or PCE for ASCVD) + Ethnicity/race + SES; Model 2: FRS (or PCE for ASCVD) + Ethnicity/race + SES + lnCAC; Model 3: FRS (or PCE for ASCVD) + Ethnicity/race + SES + CAC category; * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001. Cutpoint of risk were 5% and 7.5% for CHD and ASCVD events. Abbreviation: ASCVD=atherosclerotic cardiovascular disease, CAC=coronary artery calcium, CHD=coronary heart disease, DM=diabetes mellitus, FRS=Framingham risk score, IDI= integrative discrimination index ,MetS=metabolic syndrome, NRI=net reclassification improvement, PCE=pooled cohort equation, SES=socioeconomic status.
